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ABSTRACT 



Trea-hnent of aldehydes (R 2 CHCH0, 1) with f I uoroformates (FC0 2 R», 
2) and KF in DMSO (55-100 °C for 15-24 h) affords 1-al keny I carbonates 
(R 2 C=CH000 2 R» , 2) In 72-92$ yield. In this process, the activated 
fluoride, acting as a base, deprotonates 1 to yield an enolate which 
Is acylated rapidly by 2 to give 2. and KHF 2 . The reaction also can be 
performed In acetonltrlle If 18-crown-6 Is used as a catalyst. In 
this system, chl orof ormates may be substituted for 2 If an extra equi- 
valent of KF Is Included In the reaction. med I um. In the acetonltrlle 
procedure, the yields are a^s good and the conditions are milder, but 
1-f luoroalky I carbonates (R 2 CHCHF-OC0 2 R» , 4J often are significant 
side products. The carbonates A equal 5 In yield when the reaction Is 
performed without solvent; A Is obtained as the sole product when the 
aldehyde contains no enol Izable proton. 

When 1-chl oroal ky I carbonates (R 2 CH-CHCI 0C0 2 R» , 5J are heated 
with KF/18-crown-6/MeCN, they fragment to 1 and 2 which reconblne to 
give! In good yield. The chl orof ormate precursors to 5. are easily 
made by treatment of 1 with C0CI 2 In the presence of a "naked chlo- 
ride" catalyst using earlier methodology Invented In this laboratory 
In col labor at Ion w I th SNFE. 

If the system Is evacuated when I Is reacted as above, the vola- 
tile 2 distil Is from the mixture as formed. F I uoroformates, previous- 
ly unavailable by practical routes, which have been Isolated by the 



iv 

new method Include t-butyl f I uorof ormate 184% yield, fi) , t-anyl fluo- 
roformate (83$), and benzyl f I uorof ormate (60*). Other approaches to 
2 are reported. The f I uorof ormate could play a valuable role as a 
tBOC source In peptide synthesis. 

Chloroformates react exotherm leal ly with DMSO. In contrast, fluo- 
roformates are stable In DMSO below 100 °C. Thus, DMSO Is an excel- 
lent solvent for the carboal koxy latlon of carbohydrates and other po- 
lar nucleophlles with 2. The carboal koxy latlon studies Included glu- 
cose, sucrose, cellulose, and polyvinyl alcohol (avg MW 14,000). 
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EXPER I MFNTAI SFm^l 

Melting points (mp) were determined In KImax soft glass capillary 
tubes using a Thomas-Hoover -Unl-melt- Capillary Meting Point Appara- 
tus, Model 6406 K, and are uncorrected. 

Nuclear magnetic resonance (Nffi) spectra were obtained on a Varl- 
an Mode. EM 360 or on a Bruker WP 200 Super Con Spectraneter. Chemi- 
cal shifts are expressed In delta (o) units with tetramethy I si I ane 
<TMS) as an Internal standard. Coupling constants (J values) are giv- 
en In Her* (Hz ) and spin multlpl Icltles are Indicated by the follow- 
ing symbols: s (singlet), d (doublet), t (tr.p.et), q (quartet), d of 
d (doublet of doublets), m (multlplet). ,nfrared (IR) spectra were 
recorded on a Perkln Elmer 281B Infrared spectrophotometer and were 
ca. Ibrated against the 1601.8 a." band of po.ystyrene. Absorptions 
are given In «' and are , Is+ed as vepy ^ ^ { ^ ^ 

dlum (m), or weak (w). Mass special (MS) data were recorded at 70 eV 
on a Kratos MS-950 do ub. e- focus. ng h Igh-reso. ut Ion mass spectraneter 
or on a FInnlgan 3200 CI quadruple mass spectrometer equipped with a 
FInnlgan 6000 computer. 

Combustion analyses were performed by M.c-Anal Organic Micro- 
analysis or Micro- Tech Laboratories. 

Commercial anhydrous potassium fluoride (KF) and sodium fluoride 
(NaF) were dr,ed In an .oven at 170 ° C overnight before use. VIny I 
oh. orof onnate, Isopropeny. ch. orof onnate, 1 -chl oroethy , ch, orof onnate 
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(ACE-CI), and 1 -chl oroethy I ethyl carbonate were obtained as gifts 
frcm SNPE and were distilled before use. When used as solvents, di- 
methyl form ami de (DMF), methylene chloride, and acetonl tr 1 1 e, were gold 
label reagents obtained frcm Aldrlch and were stored over LInde 4 *A 
molecular sieves. Other solvents and reagents were of the best com- 
mercial grade available and were utl I ized without purification unless 
specified. The deuterated NMR solvents contained 99-99. 8% deuterium 
and were obtained fran Dtaprep, Inc. or Merck and Co. 

Gas chromatography (GO was performed In a Varlan Model 920 Gas 
Chronatograph equipped with a thermal conductivity detector and a 5' x 
1/4" 10$ SP-2100 on Supelcoport, 80/100 mesh column. The carrier gas 
always was hel turn. Unless noted, chromatography columns were packed 
with 70-230 mesh Silica Gel 60 (Merck). R-ecoated (0.5 mm) Silica Gel 
GF 254 Pl a +es (Anal tech. Inc.) were used for analytical and preparative 
thin layer chromatography (TLC). 

All processes requiring anhydrous conditions were performed In 

oven-dried glassware (170 ° C ) cooled In a stream of dried N„ (CaSO,). 

^ 4 

The apparatus was designed to maintain a small positive pressure 
(bubble release) of dried N 2 during the reaction. 

Ch l oromnthy l fihlnrofnrnintft . The unpubl Ished procedure of Martz 75 
was followed. Danger Phn^gftnP: See reference 15 for precautions and 
procedures used here when working with phosgene. Phosgene (Matheson) 
(51.8 g, 0.053 mol ) and PhCH^n-Bu^ Cl~ (Aldrlch) (10.7 g, 0.034 
mol) were stirred at 0 ° C i n a 1 00 mL reactor fitted with a gas entry 
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Benzyl F l noroformntft n?) from Oarhonyi ri,.rv- M ^ Phosgene (18.0 
mL, 0.26 mol) was added to a reaction flask (dry Ice/acetone bath) con- 
taining NaF (25.0 g, 0.59 mol) and acetonttrlle (7 mL) In sulfolane 
(25 g). The flask was topped by a dry Ice/acetone condenser connected 
to a collector (0 °C) which contained benzyl alcohol (18.5 g, 0.17 
mol) and dried KF (11 .0 g, 0.19 mol) In 15 mL of ether. After 3 h of 
warming up to and stirring at room temperature, IR analysis of the 
slurry In the collector showed that no alcohol remained. Gases were 
removed by flushing with N £ and the collected mixture then was fil- 
tered. The concentrated filtrate was vacuum distilled to give pure 
22; bp 60-61 °Cat3 mm, 21.7 g (83* yield); IR (CCI 4 ) 1830 cm" 1 (s); 
] H NNR (CCI 4 ) 6 7.42 (s, 5 H) , 5 .25 (s, 2 H) . 

A I Ittle AgCI precipitated when AgNQj In dilute HNOj was added to 
the precipitated KF-KHF ^ In water; 3 mol $ vs alcohol. 

In another study, phosgene (20.0 g, 0.29 mol) was reacted as 
above with KF (37.0 g, 0.64 mol) and 18-crown-6 (1.9 g, 0.0072 mol) In 
40 mL of acetonltrlle. The collector (at 0 °C) contained benzyl alco- 
hol (8.70 g, 0.080 mol) and KF (5.0 g, 0.081 mol) In 10 mL of ether. 
After 1 h at room temperature, 1^ was flushed through the col lector 
and the slurry In the collector then was filtered. The filtrate was 
vacuum distilled to give 52 In 87* yield (10.8 g). 

t-Butyl F li iorofonimft f 10? from Oarhonyi n.™-|f1ft The first pro- 
cedure described above was reproduced with phosgene (13 mL, 0.19 mol). 
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NaF (20.0 g, 0.476 mol), acetonltrlle (5 rrL), and sulfolane (20 mL) In 
the reaction, flask and t-butanol (11.8 g, 0.159 mol), dried KF (10.0 
g, 0.172 mol), and dlglyme (distilled from K0H) (10 mL) In the collec- 
tor. After 3.5 h at room temperature, the slurry In the collector was 
filtered to removed the KF and KHF 2 and the filtrate was distilled to 
Isolate 10.; 16.0 g (84J6 dl stl I I ed y lei d) , 48-50 °C at 175 mm. 

Adamantyl F I uorof ormate (31) from Carhonyl Fluoride- The C0F 2 
formed frcm phosgene (9.50 g, 0.098 mol), NaF (10.0 g, 0.24 mol), ace- 
tonltrlle (3 rrL), and sulfolane (11 g) was passed Into a collector 
kept at 0 °C which oontalned 1-adamantanol (10.0 g, 0.06 mol) and KF 
(4.0 g, 0.069 mol) In 30 mL of CH 2 CI 2 . After 3.5 h at roan tempera- 
ture, the slurry In the collector was flushed with N 2 and filtered. 
The filtrate was concentrated to give 21 as a white solid; mp 30-32 
°C, 11.2 g (84? yield); IR (CCI 4 ) 1830 cm" 1 (s); 1 H NMR (CCI 4 ) 6 2.18 
(center of broad s, 9 H) , 1.82 (center of broad s, 6 H) . 

Ethyl F I uorof ormate (14) from Carhonyl Fluor I He. The 00F 2 ob- 
tained frcm a mixture of phosgene (14.0 g, 0.10 mol), NaF (12.5 g, 0.3 
mol), acetonltrlle (3 mL) , and sulfolane (11 g) was passed I nto a col- 
lector maintained at -40 °C which oontalned ethanol (4.5 g, 0.098 
mol), KF (5.5 g, 0.096 mol), and heptane (Aldrlch) (20 mL). After 3.5 
h (al I EtOH converted to 1£) , was flushed through the col lector to 
remove volatile gases. The volatile I Iquld was separated from the KF 
and KHF 2 by vacuum evaporation Into a -80 °C trap. The mixture of 
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heptane and f I uorof ormate then was distilled to give pure 1A; bp 56-58 
°C, 6.6 g (7.4* yield); IR (CCI 4 ) 1830 cm" 1 (s); *H NNR (CCI 4 > o 4.50 
(q, 2 H, J = 7 Hz), 1 .44 (d of t, 3 H, J = 7, 1 Hz). 

With the col lector at 0 °C, no 1A was found but the IR spectrum 
of 1tie mixture oontalned a strong diethyl carbonate (1745 cm" 1 ) peak. 

Methvl F I uorof ormate from Carhonyl Fluor I He. The 00F 2 obtained 
from a mixture of phosgene (25.0 g, 0.25 mol), NaF (25.0 g, 0.60 mol), 
acetonltrlle (7 mL), and sul fol ane (22 mL) was passed Into a collector 
maintained at -60 °C which contained methanol (5.40 g, 0.17 mol) and 
KF (11.0 g, 0.19 mol) In 15 mL of heptane. After 3 h, volatile prod- 
ucts were vacuum evaporated Into a -80 °C trap. Subsequent distil I a- 
tlon ttien afforded the title product In 82% yield (10.8 g); bp 38-40 
°C; IR (CCI 4 ) 1830 cm" 1 (s); 1 H (CCI 4 ) 6 3.95 (s, 2 H) . 

When the col lector temperature was at 0 °C, no f I uorof ormate was 
found. Instead, dimethyl carbonate (IR 1745 cm" 1 ) was obtained. 

Attempted Synthesis of methylene Glycol B I sf I uorof ormate frnm 

X?arbonyl Fluoride* Car bony I fluoride obtained f rem the usual mixture 
of 00CI 2 (35.8 g, 0.36 mol), NaF (37.0 g, 0.88 mol), sul fol ane (37 g), 
and CH 3 CN (20 mL) was bubbled Into a collector (0 °C) containing KF 
(15.0 g, 0.28 mol), dlethylene glycol (15.0 g, 0.1 mol), and diethyl 
ether (30 mL) for 3 h. Based on IR analysis of the slurry In the col- 
lector, ttie product (1750 cm" 1 ) probably was polymeric carbonate con- 
taining a -trace of f I uorof ormate (1830 cm" 1 ). 



